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(54) Antenna device and radio communication card module having antenna device 



(57) Realizing a small-sized antenna device whose 
protruding length from a main apparatus is made mini- 
mum when installed and adding radio communication 
function thereto and has polarization diversity charac- 
teristics. A module main body 5 has a circuit board 22 
built therein, an antenna device 1 , and a connection ter- 
minal 23, and adds radio communication function to a 
main apparatus 2 when inserted to a slot 3 thereof. The 



antenna device 1 is mounted to the module main body 
5 on a second side 5b located on the opposite side of a 
first side 5a which has formed thereon the connection 
terminal 23. The antenna substrate 8 which has at least 
an inversed F type antenna pattern and a meander type 
antenna pattern formed on the main surface 8a thereof 
by printed wiring is supported perpendicular to the in- 
sertion direction toward the main apparatus 2. 
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Description 

[0001] This invention relates to antenna devices and 
to radio communication card modules having antenna 
devices. 

[0002] Recently, along with digitization of data, infor- 
mation such as music, speech, images and other vari- 
ous data can be obtained easily from a personal com- 
puter or. mobile computer. Furthermore, such informa- 
tion is band-compressed by undergoing the speech co- 
dec technique or image codec technique, and is deliv- 
ered to a variety of radio communication terminal equip- 
ments easily and efficiently by digital radio communica- 
tion or digital radio broadcasting. For example, audio 
video data (AV data) can also be received by a wireless 
telephone. 

[0003] On the other hand, systems for transmitting/re- 
ceiving data are being utilized in household as well as 
various environments by the use of simplified radio com- 
munication network systems which can be employed 
even in a region of a small scale. As the radio commu- 
nication network systems, radio communication sys- 
tems for next generation such as the 5 GHz narrow- 
band radio communication system proposed in IEEE 
802.1a, 2.45 GHz band radio LAN system proposed in 
IEEE 802.1b, and a short-range radio communication 
system termed Bluetooth are worthy of notice. 
[0004] There has been proposed a personal compu- 
ter system in which a card-sized radio LAN card 50 adds 
radio communication function to a personal computer 2 
or a main apparatus 2. The main apparatus 2 can trans- 
mit/receive data among apparatuses constituting the 
system when the radio LAN card 50 is installed to a slot 
3 thereof, as shown in Fig.1 . The radio LAN card 50 has 
a module main body 51 and an antenna unit 52 provided 
at one side thereof. The radio LAN card 50 has a radio 
communication controlling unit and a high frequency 
signal processing unit built therein. The radio LAN card 
50 is electrically connected to the main apparatus 2 
when the module main body 51 is installed to the slot 3 
thereof. At this time, the antenna unit 52 is exposed to 
the outside to transmit/receive data among the appara- 
tuses, as shown in Fig.2. 

[0005] In the radio LAN system proposed in IEEE 
802.1b, a radio LAN card conforming to the PCMCIA 
(Personal Computer Memory Card International Asso- 
ciation) is widely utilized. On the other hand, in the Blue- 
tooth radio communication network system, a small- 
sized radio LAN card having radio communication func- 
tion has been developed. 

[0006] When the radio LAN card 50 conforming to the 
PCMCIA is installed to the slot 3 of the main apparatus 
2, the antenna unit 52 protrudes from the side of the 
main apparatus 2 by a length 1 being approximately 25 
mm, as shown in Fig.2. Furthermore, an external anten- 
na, not shown, is mounted to the antenna unit 52 so as 
not to be prevented from transmitting/receiving data 
among the apparatuses by the main apparatus 2, which 



undesirably makes the main apparatus 2 complicated 
and enlarged. 

[0007] In case the main apparatus 2 is a portable ap- 
paratus such as a note type personal computer or mo- 
bile apparatus, the protruding length of the radio LAN 
card 50 is too large and cumbersome. So, the radio LAN 
card 50 is often broken when hit by the user by mistake. 
Furthermore, even though the radio LAN card 50 can 
add radio communication function to various apparatus- 
es, the configuration shape is restricted, which undesir- 
ably raise the difficulty in designing with high degree of 
freedom. 

[0008] There are proposed antenna apparatuses of 
variety of configurations, and an inversed F type anten- 
na is used as a built-in antenna of a relatively simplified 
configuration. The inversed F type antenna has an an- 
tenna pattern, a short circuit forming pattern, and a feed- 
ing pattern. The short circuit forming pattern has an end 
thereof connected to an end of the antenna pattern per- 
pendicular thereto, and the feeding pattern has an end 
thereof connected to the halfway portion of the antenna 
pattern in parallel with the short circuit forming pattern. 
Thus, the inversed F type antenna of an inversed F 
shape is configured. The direction of the main polarized 
wave of the inversed F type antenna crosses perpen- 
dicular to the antenna pattern thereof. 
[0009] Fig.3 shown a schematic view of an antenna 
device 60 in which a pair of inversed F type antenna 
patterns being a first inversed F type antenna pattern 
62 and a second inversed F type antenna pattern 63 are 
formed perpendicular to each other. The direction of the 
main polarized wave of the first inversed Ftype antenna 
pattern 62 is a1 and that of the second inversed F type 
antenna pattern 63 is b1 , thereby configuring polariza- 
tion diversity. Thus configured antenna device 60 re- 
quires a height h, which makes it difficult to reduce the 
size thereof. So, in case the antenna device 60 is used 
as the antenna unit 52, the radio LAN card 50 is unde- 
sirably enlarged. 

[0010] The radio communication function is added to 
various apparatuses such as a digital still camera, a vid- 
eo camera or a portable audio apparatus as an AV ap- 
paratus, a household electrical apparatus, and an en- 
tertainment robot, as well as a radio communication ap- 
paratus and an apparatus in a computer system. Espe- 
cially, with a portable apparatus, forming a plurality of 
communication ports or installing hardware conforming 
to various standards induce enlargement and high price 
of the apparatus, which significantly prevents the diffu- 
sion thereof. Furthermore, the radio communication 
function is significantly affected by interference gener- 
ated at the same frequency band or at different frequen- 
cy bands. 

[001 1 ] Since the radio LAN card is used in above-de- 
scribed various apparatuses as well as a radio commu- 
nication apparatus and an apparatus in a computer sys- 
tem, a small-sized antenna device which does not pro- 
trude so much from a main apparatus and has polariza- 
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tion diversity characteristics is required extremely. 
[001 2] Various respective aspects and features of the 
invention are defined in the appended claims. Features 
from the dependent claims may be combined with fea- 
tures of the independent claims as appropriate and not 5 
merely as explicitly set out in the claims. 
[001 3] Embodiments of the present invention relate to 
a card-shaped radio communication module which may 
be installed to electrical apparatuses such as a personal 
computer, a wireless telephone, and an audio appara- 
tus, and adds radio communication function there to, 
and an antenna device which is comfortably used in the 
card-shaped radio communication module. 
[0014] Embodiments of the present invention can 
overcome or at least alleviate the above-mentioned 
drawbacks by providing a small-sized antenna device 
which has polarization diversity characteristics. 
[001 5] Embodiments of the present invention can pro- 
vide a radio communication card module which has a 
small-sized antenna unit whose protruding length from 
a main apparatus is made minimum when installed and 
adding radio communication function thereto and has 
polarization diversity characteristics. 
[0016] According to the present invention, there is 
provided an antenna device which has at least a first 
antenna pattern being an inversed F type antenna pat- 
tern and a second antenna pattern being a meander 
type antenna pattern formed on the main surface of a 
dielectric substrate by printed wiring. The inversed F 
type antenna pattern and the meander type antenna 
pattern are wired so that the directions of the main po- 
larized wave of these antenna patterns cross perpen- 
dicular to each other. There is formed a short circuit 
forming pattern on the dielectric substrate between the 
inversed F type antenna pattern and the meander type 
antenna pattern. There is formed a ground pattern on 
the dielectric substrate in the vicinity of a feeding portion 
of the meander type antenna pattern. The meander type 
antenna pattern has a point in the vicinity of the opened 
end thereof connected to a circuit unit formed on the di- 
electric substrate or to a short circuit forming pattern 
formed on the dielectric substrate between the inversed 
F type antenna pattern and the meander type antenna 
pattern. 

[0017] With the antenna device according to the 
present invention, having the inversed F type antenna 
pattern and the meander type antenna pattern whose 
directions of the main polarized wave cross perpendic- 
ular to each other, the antenna device can be reduced 
in size and configure polarization diversity, and whose 
antenna characteristics is not deteriorated when affect- 
ed by the housing shape of a main apparatus or material 
thereof when installed to the main apparatus, which can 
realize transmission/reception of data or information 
with high accuracy. Furthermore, with the antenna de- 
vice, the short circuit forming pattern can prevent the 
inversed F type antenna pattern and the meander type 
antenna pattern from affecting each other. Furthermore, 



with the antenna device, by forming a ground pattern 
and a circuit unit in the vicinity of the meander type an- 
tenna pattern, shunt capacitance is add to reduce the 
resonance frequency, while realizing impedance match- 
ing of the meander type antenna pattern. 
[0018] According to the present invention, there is al- 
so provided a radio communication card module which 
has a module main body having a radio communication 
controlling unit and a high frequency signal processing 
unit built therein, an antenna unit, and a connector unit. 
The antenna unit is mounted to a second side located 
on the opposite side of a first side which has the con- 
nector unit, and a dielectric substrate which has at least 
a first antenna pattern being an inversed F type antenna 
pattern and a second antenna pattern being a meander 
type antenna pattern formed on the main surface of the 
dielectric substrate by printed wiring is supported per- 
pendicular to the insertion direction toward a main ap- 
paratus. 

[0019] The radio communication card module is in- 
stalled to a slot of the main apparatus and the connector 
unit is connected to a connector unit of the main appa- 
ratus, and adds radio communication function to the 
main apparatus. When the module main body is inserted 
to the main apparatus and supported therein, the anten- 
na unit protrudes from the side of the main apparatus 
by a length being the thickness thereof along the side 
direction of the main apparatus. With the radio commu- 
nication card module according to the present invention, 
the protruding length of the antenna unit from the main 
apparatus can be made minimum. Furthermore, with the 
radio communication card module, having the inversed 
F type antenna pattern and the meander type antenna 
pattern whose directions of the main polarized wave 
cross perpendicular to each other, the radio communi- 
cation card module can be reduced in size and configure 
polarization diversity, and whose antenna characteris- 
tics is not deteriorated when affected by the housing 
shape of a main apparatus or material thereof when in- 
stalled to the main apparatus, which can realize trans- 
mission/reception of data or information with high accu- 
racy. 

[0020] The invention will now be described by way of 
example with reference to the accompanying drawings, 
throughout which like parts are referred to by like refer- 
ences, and in which: 

Fig. 1 shows a perspective view of a state in which 
a previously proposed radio communication card 
module is inserted to a personal computer. 
Fig. 2 shows a side view of a state in which the pre- 
viously proposed communication card module is in- 
serted to the personal computer. 
Fig. 3 shows a front view of a previously proposed 
antenna device. 

Fig. 4 shows a perspective view of a state in which 
a radio communication card module according to 
the present invention is inserted to a personal com- 
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puter being a main apparatus. 
Fig.5 shows a side view of a state in which the radio 
communication card module according to the 
present invention is inserted to the personal com- 
puter. 

Fig. 6 shows a perspective view of the radio com- 
munication card module according to the present 
invention. 

Fig.7 shows an exploded perspective view of the 
principal portion of the radio communication card 
module according to the present invention. 
Fig.8 shows a front view of an antenna device ac- 
cording to the present invention to be mounted to 
the radio communication card module. 
Fig.9A and Fig.9B show the measurement result of 
the voltage standing wave ratio (VSWR) of the im- 
pedance matching characteristics, of which Fig.9A 
shows the result of the inversed F type antenna pat- 
tern, while Fig.9B shows that of the meander type 
antenna pattern. 

Fig.1 0 shows a front view of a subminiature radio 
communication module. 

[0021] Preferred embodiments according to the 
present invention will further be described below with 
reference to the accompanying drawings. 
[0022] An antenna device 1 according to the present 
invention is removably mounted to a radio communica- 
tion card module 4 which adds radio communication 
function to a personal computer 2 or a main apparatus 
2 when installed thereto. The radio communication card 
module 4 adds radio communication function to the 
main apparatus 2 when installed to a slot 3 thereof, as 
shown in Figs.4 and 5. The radio communication card 
module 4 is removed when it is not necessary. 
[0023] The radio communication card module 4 adds 
radio communication function to the main apparatus 2 
so that the main apparatus 2 can transmit/receive data 
among apparatuses constituting a radio communication 
network system by radio communication. The radio 
communication card module 4 receives data or informa- 
tion from apparatuses via the internet and transmits the 
received data or information to the main apparatus 2 or 
to apparatuses included in the internet. Having the an- 
tenna device 1 of high performance mounted thereto, 
the radio communication card module 4 can transmit/ 
receive radio information with high accuracy. The radio 
communication card module 4 has the protruding length 
of the antenna device 1 from the main apparatus 2 made 
minimum. So, the antenna device 1 is not considered to 
be cumbersome, and is not broken so often due to a hit 
by the user. 

[0024] The radio communication card module 4 has a 
card-sized module main body 5 and an antenna device 
1 provided at one side thereof. The radio communication 
card module 4 has a first side 5a which is to be installed 
to the main apparatus 2, and a second side 5b located 
on the opposite side of the first side 5a to which the an- 



tenna device 1 is removably mounted. The module main 
body 5 has built therein a circuit board 22 which has 
formed thereon a high frequency signal processing unit, 
a CPU and a ROM constituting a baseband signal 
processing unit and a controlling unit, a general purpose 
LSI, a memory element for performing storage function, 
and a power supply controlling unit, the details of which 
is omitted. The main surface of the first side 5a of the 
module main body 5 has formed thereon a connection 
terminal 23. The connection terminal 23 may be a plug- 
shaped terminal conforming to the standard of the radio 
communication card module 4. 
[0025] On inserting the first side 5a of the module 
main body 5 to the slot 3 of the main apparatus 2, the 
connection terminal 23 is connected to a connection ter- 
minal formed inside the slot 3. Thus, radio communica- 
tion card module 4 is connected to the main apparatus 
2. When the radio communication card module 4 is in- 
serted to the main apparatus 2 and supported therein, 
the antenna device 1 protrudes from the side of the main 
apparatus 2 by a length t being the thickness thereof 
along the side direction of the main apparatus, as shown 
in Fig.5. The antenna device 1 is so formed as to be 
reduced in thickness, the details of which will be de- 
scribed later. The protruding length t of the antenna de- 
vice 1 from the main apparatus 2 is approximately 4 mm, 
which is about one sixth of the protruding length 1 of the 
radio LAN card 50 being approximately 25 mm. 
[0026] Since the antenna device 1 of the radio com- 
munication card module 4 is located in the vicinity of the 
main apparatus 2, the antenna characteristics of the an- 
tenna device 1 may be deteriorated when affected by 
the housing shape of the main apparatus 2 or material 
thereof. So, the antenna device 1 of the radio commu- 
nication card module 4 has built therein two antennas, 
the directions of the main polarized wave of which are 
different from each other to configure polarization diver- 
sity. Thus, the radio communication card module 4 hav- 
ing the antenna device 1 can transmit/receive data or 
information with high accuracy irrespective of the anten- 
na characteristics. The radio communication card mod- 
ule 4 has the antenna device 1 having these two anten- 
nas so formed as to be reduced in size, which can make 
the antenna device 1 supported with stability by the main 
apparatus 2. 

[0027] There is formed a recess 6 for supporting the 
antenna device 1 at the second side 5b of the module 
main body 5, as shown in Fig.7. There are formed a pair 
of coaxial jack terminals 7 adjacent to each other at the 
recess 6 along the width direction of the module main 
body 5, the details of which is omitted. The jack termi- 
nals 7 are connected to the circuit board 22 built in the 
module main body 5, and data is transmitted between 
the antenna device 1 and the module main body 5 via 
the jack terminals 7. The antenna device 1 is fed with 
power via the jack terminals 7. 
[0028] The antenna device 1 has an antenna sub- 
strates, a holding member 9 being a housing for holding 
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the antenna substrate 8, a front member 10, and a pair 
of coaxial plug connectors 16 (16a, 16b). The holding 
member 9 is of a box-shaped configuration with its front 
side and bottom side opened. The holding member 9 
has formed therein an opening 1 7 for holding the anten- 5 
na substrate 8, and a terminal cover 18 is unitedly 
formed at the rear side thereof. The front member 10 
shuts the opened front and bottom sides of the holding 
member, a, and has a supporting member 19 for sup- 
porting the antenna substrate 8 which is unitedly formed 
at the protruding bottom formed at the rear side thereof. 
The front member 1 0 also has a pair of protruding studs 
20 (20a, 20b) to be coupled to the holding member 9 
which are unitedly formed at both sides of the supporting 
member 19. The holding member 9 and front member 
10 perpendicularly holds the antenna substrate 8. 
[0029] The main surface 8a of the antenna substrate 
8 has formed thereon a first antenna pattern 11 , a sec- 
ond antenna pattern 13, and a short circuit forming pat- 
tern 12 located therebetween. The other main surface 
8b of the antenna substrate 8 has mounted thereto the 
coaxial plug connectors 16 perpendicularly. The anten- 
na substrate 8 is made of burning resistance glass ma- 
terial of FR4 grade (flame retardant grade) being gen- 
erally an epoxy resin copper-clad laminate substrate. 
And the patterns, to be described later, are formed by 
printing or etching method. The antenna substrate 8 us- 
es an FR 4 copper-clad laminate substrate having a di- 
electric constant of approximately 4. Also, a poly- 
tetrafluoroethylene (Teflon being a trade name)-ceramic 
combined substrate and a ceramic substrate can also 
be used as the substrate. The antenna substrate 8 using 
a substrate having a high dielectric constant reduces the 
resonance frequency, which can miniaturize the anten- 
na device 1 . The antenna substrate 8 can also use the 
Teflon (trade name), etc. having a high dielectric con- 
stant and a low dielectric dissipation factor at a signifi- 
cantly high frequency band more than 10 GHz. 
[0030] Next, the configuration of the patterns formed 
on the antenna substrate 8 will be described, in which 
terms "upside", "downside", "left", "right", etc. are used 
when Fig.8 is vied. The antenna substrate 8 is a minia- 
turized substrate having high performance. The outside 
dimension of the antenna substrate 8 is 42 mm x 9.5 
mm x 0.8 mm. The first antenna pattern 11 is an in- 
versed Ftype antenna pattern formed on the left portion 
of the main surface 8a of the antenna substrate 8, The 
first antenna pattern 11 or the inversed F type antenna 
pattern 1 1 has a resonating pattern, a short circuit form- 
ing pattern, and a feeding pattern. The resonating pat- 
tern extends directly from a point near the left edge to a 
point near the center portion along the upside edge on 
the main surface 8a. The short circuit forming pattern 
extends downward directly from the center portion end 
of the resonating pattern perpendicular thereto. The 
feeding pattern extends downward directly from the half- 
way portion of the resonating pattern perpendicular 
thereto in parallel with the short circuit forming pattern. 



Thus, the inversed F type antenna of an inversed F 
shape facing the bottom of the antenna substrate 8 is 
formed. The direction of the main polarized wave of the 
inversed F type antenna pattern 11 is parallel with up- 
side to downside direction of the main surface 8a of the 
antenna substrate 8, as shown by an arrow a in Fig.8. 
[0031] The short circuit forming pattern 12 is located 
substantially at the center portion of the main surface 
8a of the antenna substrate 8 and extends from upside 
to downside directly. The short circuit forming pattern 1 2 
is located between the first antenna pattern 11 and the 
second antenna pattern 13 to electrically insulate these 
patterns, thereby preventing them from affecting each 
other. Thus, the short circuit forming pattern 12 allows 
the first antenna pattern 11 and second antenna pattern 
1 3 to be formed closely with each other, which can min- 
iaturize the antenna substrate 8. 
[0032] The second antenna pattern 13 is a meander 
type antenna pattern which is folded alternately to form 
a zigzag line, and is formed on the left portion of the 
main surface 8a separated by the short circuit forming 
pattern 12. The direction of the main polarized wave of 
the second antenna pattern 1 3 or the meander type an- 
tenna pattern 13 is parallel with left to right direction of 
the main surface 8a of the antenna substrate 8, as 
shown by an arrow b in Fig.8. Thus, the direction of the 
main polarized wave of the meander type antenna pat- 
tern 13 crosses perpendicular to that of the inversed F 
type antenna pattern 11, thereby configuring polariza- 
tion diversity. So, the height of the antenna substrate 8 
using the meander type antenna pattern 13 is less than 
half that of the antenna device 60 in which a pair of in- 
versed F type antennas are formed perpendicular to 
each other to configure polarization diversity. 
[0033] On the other hand, the antenna substrate 8 
may be formed so that the direction of the main polarized 
wave of the meander type antenna pattern 13 is made 
equal to that of the inversed F type antenna pattern 11 , 
thereby configuring polarization diversity in which the di- 
rections of the main polarized wave of the inversed F 
type antenna pattern 1 1 and meandertype antenna pat- 
tern 13 are equal. 

[0034] The main surface 8a of the antenna substrate 
8 has formed thereon aground pattern 14 under the me- 
ander type antenna pattern 13. The ground pattern 14 
is formed in the vicinity of a feeding end of the meander 
type antenna pattern 13 with a clearance being 0.2 mm 
therebetween in this embodiment. Thus configured 
ground pattern 1 4 adds shunt capacitance to reduce the 
resonance frequency, which can miniaturize the anten- 
na device 1 , while realizing impedance matching of the 
second antenna pattern 13. The antenna substrate 8 
may not have formed thereon the ground pattern 14 for 
adding the shunt capacitance at a predetermined fre- 
quency specification. 

[0035] The antenna substrate 8 has formed thereon 
a circuit unit 21 for performing high frequency signal 
modulation and amplification, which has chips or elec- 
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tronic parts such as coils, capacitors, resistors, short re- 
sistors, etc. The circuit unit 21 is connected to a point in 
the vicinity of the opened end of the meander type an- 
tenna pattern 13. The circuit unit 21 reduces the reso- 
nance frequency along with the ground pattern 14, 5 
which can miniaturize the antenna device 1 , while real- 
izing impedance matching of the second antenna pat- 
tern 1 3. Thus, the antenna substrate 8 can form the me- 
ander type-antenna pattern 13 in a region smaller than 
that requiredforperforming resonance, which is approx- 
imately from A/2 to 7J4 in length. 
[0036] The antenna substrate 8 may have formed 
thereon another short circuit forming pattern to directly 
connect the short circuit forming pattern 1 2 to a point in 
the vicinity of the opened end of the second antenna 
pattern 13 instead of forming the circuit unit 21. With 
thus configured antenna substrate 8, the impedance 
matching can also be realized and the resonance fre- 
quency can be reduced. 

[0037] The main surface 8a of the antenna substrate 
8 has formed thereon a feeding pattern 15 under the 
center portion thereof. The feeding pattern 15 has ar- 
ranged thereon lands to which the ends of the short cir- 
cuit forming pattern and feeding pattern of the inversed 
F type antenna pattern 11 , feeding end of the short cir- 
cuit forming pattern 12, and feeding end of the meander 
type antenna pattern 13 are connected. There are 
formed mounting holes on the feeding pattern 15 
through which the ends of the coaxial plug connectors 
16a, 16b are inserted, respectively, the details of which 
is omitted. 

[0038] The coaxial plug connectors 16a, 16b have 
their basal portions inserted through the holes, and con- 
nected to the feeding pattern 15 by soldering. Each of 
the coaxial plug connectors 16a, 16b has an input/out- 
put terminal at the core thereof, and has a ground ter- 
minal at the outer circumference thereof. The input/out- 
put terminal and ground terminal of each of the coaxial 
plug connectors 1 6a, 1 6b are connected to the lands of 
the feeding pattern 15 by soldering. Thus, each of the 
coaxial plug connectors 16a, 16b protrudes perpendic- 
ular to the antenna substrate 8. 
[0039] When the antenna substrate 8 is housed in the 
holding member 9 and front member 1 0, the ends of the 
coaxial plug connectors 1 6a, 16b protrude from the ter- 
minal cover 18 to be exposed to outside. Each of the 
ends of the coaxial plug connectors 1 6a, 1 6b is config- 
ured to be a plug. And when the antenna device 1 is 
mounted to the module main body 5, each end of the 
coaxial plug connectors 16a, 1 6b is fit into each of the 
jack terminals 7, as will be described hereinafter. Thus, 
the coaxial plug connectors 16a, 16b being connecting 
means connect the antenna device 1 to the module main 
body 5, and transmit/receive data therebetween and 
feed the antenna device 1 with power. 
[0040] The antenna device 1 is engaged in the recess 
6 of the module main body 5 , when the coaxial plug con- 
nectors 16a, 16b protruding from the terminal cover 18 



are inserted to the jack terminals 7 of the module main 
body 5. Thus the antenna device 1 is mounted to the 
module main body 5 to configure the radio communica- 
tion card module 4. When the antenna device 1 is 
mounted to the module main body 5, the antenna device 
1 uprises at the side of the module main body 5 along 
the side direction thereof. The antenna device 1 can be 
detached from the module main body 5 by pulling out 
the antenna device 1 from the module main body 5. So, 
the radio communication card module 4 can be handled 
easily by separating the antenna device 1 and module 
main body 5 when not in use. 

[0041] With the radio communication card module 4, 
it is required that the first and second antenna patterns 
1 1 , 1 3 are not affected by metal portions of the module 
main body 5. Thus, in the antenna device 1 , the reso- 
nating pattern of the inversed F type antenna pattern 1 1 
is so formed as to be separated from the metal portions 
of the module main body 5. On the other hand, in the 
antenna device 1 ( the meander type antenna pattern 13 
is formed so that the feeding end thereof is located in 
the vicinity of the metal portions of the module main body 
5, while the opened end thereof is separated from the 
metal portions of the module main body 5. Furthermore, 
in the antenna device 1 , the meander type antenna pat- 
tern 13 is so formed as to be coupled to the ground of 
the module main body 5, which can make it possible to 
obtain a desired resonance frequency. 
[0042] With the radio communication card module 4, 
the first and second antenna patterns 11 , 13 are set to 
be used in the same frequency band. On the other hand, 
the first and second antenna patterns 11,13 may be set 
to be used in different frequency bands. With the radio 
communication card module 4, the inversed F type an- 
tenna pattern 11 whose resonating pattern length can 
be set large is used for low frequency band, while the 
meander type antenna pattern 13 being used for high 
frequency band. 

[0043] With the radio communication card module 4, 
it is possible to set the first and second antenna patterns 
11 , 13 so that either of them can be used in case it is 
not necessary to configure polarization diversity. With 
the radio communication card module 4, it is not neces- 
sary to form the first and second antenna patterns 11, 
1 3 on the antenna substrate 8 in above-described man- 
ner, and, for example, they may be formed in regions 
having the same area. With the radio communication 
card module 4, the second antenna pattern 13 may be 
a chip type antenna pattern. 

[0044] Fig.9A and Fig.9B show the measurement re- 
sult of the voltage standing wave ratio (VSWR) of the 
impedance matching characteristics. Fig.9A shows the 
result of the inversed F type antenna pattern 11 , while 
Fig.9B shows that of the meander type antenna pattern 
13. The antenna device 1 is so designed as to be used 
for 2.4 GHz to 2.48 GHz band which is the standard 
band employed by the radio communication card mod- 
ule 4. The smaller the VSWR is, the better the antenna 
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characteristics becomes. As is apparent from Fig.9A 
and Fig.9B, each value of the VSWR of the inversed F 
type antenna pattern 11 and meander type antenna pat- 
tern 13 is desirably both less than 2. 
[0045] The antenna device 1 may be mounted to a 
subminiature radio communication module 30 shown in 
Fig. 10, whose outside dimension is 50.00 mm x 21 .45 
mm. The subminiature radio communication module 30 
has a housing 31 which has built therein various ele- 
ments for realizing storage function and radio commu- 
nication function similarto a memory stick (trade name). 
The housing 31 has a terminal 32, a memory 33 for per- 
forming storage function, an LSI 34 for baseband signal 
processing, and an RF module 35 for high frequency 
signal processing. 

[0046] With the subminiature radio communication 
module 30, an antenna unit 36 is configured by the an- 
tenna substrate 8 of the antenna device 1 . With the sub- 
miniature radio communication module 30, above-de- 
scribed elements including the antenna substrate 8 are 
mounted to a flexible circuit board 37, and the antenna 
substrate 8 is so supported by the housing 31 as to up- 
rise therein. The subminiature radio communication 
module 30 further has a radio wave absorbent 39 for 
embedding the region among the LSI 34, the RF module 
35, other elements 38, and other region. Above de- 
scribed elements are mounted to the flexible circuit 
board 37 in the housing 31 in order of above description, 
which can reduce the internal loss of the subminiature 
radio communication module 30. With the subminiature 
radio communication module 30, hypof unction due to in- 
terference over the antenna unit 36 by the RF module 
35 is suppressed. 

[0047] The subminiature radio communication mod- 
ule 30 is installed to the main apparatus 2 by connecting 
the terminal 32 thereto. At this time, similar to the radio 
communication card module 4, the antenna unit 36 up- 
rises at the side of the main apparatus 2 along the side 
direction thereof. Since the antenna substrate 8 uprises 
via the flexible circuit board 37, the protruding length 
from the main apparatus 2 can be minimized. 
[0048] As in the above, according to the present in- 
vention, when the module main body is inserted to the 
main apparatus and supported therein, the antenna de- 
vice is supported perpendicular to the insertion direc- 
tion, and the protruding length of the antenna device is 
made minimum when in use. So, since the antenna de- 
vice is not cumbersome, the main apparatus with the 
radio communication card module can be improved in 
handling and operating, and is scarcely broken due to 
a hit by the user. Furthermore, according to the present 
invention, since the protruding length of the antenna de- 
vice is reduced, designing conditions of the main appa- 
ratus can be loosened significantly, which can realize 
designing with high degree of freedom. Furthermore, 
according to the present invention, since the miniatur- 
ized antenna device has built therein two antenna pat- 
terns and configures polarization diversity, the antenna 



characteristics is not deteriorated when affected by the 
housing shape of the main apparatus or material thereof 
when installed to the main apparatus, which can realize 
transmission/reception of data or information with high 
5 accuracy. 



Claims 

10 1. An antenna device which has at least a first antenna 
pattern being an inversed F type antenna pattern 
and a second antenna pattern being a meander 
type antenna pattern formed on the main surface of 
a dielectric substrate by printed wiring. 

15 

2. The antenna device as set forth in Claim 1 , wherein 
the inversed F type antenna pattern and the mean- 
der type antenna pattern are wired so that the di- 
rections of the main polarized wave of these anten- 

20 na patterns cross perpendicular to each other. 

3. The antenna device as set forth in Claim 1 , wherein 
the inversed F type antenna pattern and the mean- 
der type antenna pattern are used in the same fre- 

25 quency band. 

4. The antenna device as set forth in Claim 1 , wherein 
the inversed F type antenna pattern and the mean- 
der type antenna pattern are used in different fre- 

30 quency bands. 

5. The antenna device as set forth in Claim 1 , wherein 
there is formed a short circuit forming pattern on the 
dielectric substrate between the inversed F type an- 

35 tenna pattern and the meander type antenna pat- 
tern. 

6. The antenna device as set forth in Claim 1 , wherein 
there is formed a ground pattern on the dielectric 

40 substrate in the vicinity of a feeding portion of the 
meander type antenna pattern. 

7. The antenna device as set forth in Claim 1 , wherein 
the meandertype antenna pattern has a point in the 

45 vicinity of the opened end thereof connected to a 
circuit unit formed on the dielectric substrate or to 
a short circuit forming pattern formed on the dielec- 
tric substrate between the inversed F type antenna 
pattern and the meander type antenna pattern. 

50 

8. The antenna device.as set forth in Claim 1 , wherein 
the dielectric substrate is an epoxy resin substrate 
of flame retardant grade 4, a ceramic substrate, or 
a polytetrafluoroethylene-ceramic combined sub- 

55 strate. 

9. A radio communication card module which adds ra- 
dio communication function to a main apparatus, a 
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14. The radio communication card module as set forth 
in Claim 9, wherein the antenna unit uses the in- 
versed F type antenna pattern and the meander 
type antenna pattern In different frequency bands. 

5 

15. The radio communication card module as set forth 
in Claim 9, wherein there is formed a short circuit 
forming pattern on the dielectric substrate of the an- 
tenna unit between the inversed F type antenna pat- 

10 tern and the meander type antenna pattern. 

16. The radio communication card module as set forth 
in Claim 9, wherein the inversed F type antenna pat- 
tern of the antenna unit has its resonating pattern 

15 so formed as to be separated from the ground metal 
portions of the module main body. 

17. The radio communication card module as set forth 
in Claim 9, wherein there is formed a ground pattern 

20 on the dielectric substrate of the antenna unit in the 
vicinity of a feeding portion of the meander type an- 
tenna pattern. 

18. The radio communication card module as set forth 
25 in Claim 9, wherein the meander type antenna pat- 
tern of the antenna unit has a point in the vicinity of 
the opened end thereof connected to a circuit unit 
formed on the dielectric substrate or to a short cir- 
cuit forming pattern formed on the dielectric sub- 

30 strate between the inversed F type antenna pattern 
and the meander type antenna pattern. 



13 

module main body of the radio communication card 
module having a radio communication controlling 
unit and a high frequency signal processing unit 
built therein, an antenna unit, and a connector unit, 
the radio communication card module being in- 
stalled to a slot of the main apparatus and the con- 
nector unit being connected to a connector unit of 
the main apparatus, 

wherein the antenna unit is mounted to a sec- 
ond side located on the opposite side of a first 
side which has the connector unit, and a die- 
lectric substrate which has at least a first anten- 
na pattern being an inversed F type antenna 
pattern and a second antenna pattern being a 
meander type antenna pattern formed on the 
main surface of the dielectric substrate by print- 
ed wiring is supported perpendicular to the in- 
sertion direction toward the main apparatus, 
and 

when the module main body is inserted to the 
main apparatus and supported therein, the an- 
tenna unit protrudes from the side of the main 
apparatus by a length being the thickness 
thereof along the side direction of the main ap- 
paratus. 

10. The radio communication card module as set forth 
in Claim 9, wherein the antenna unit is mounted to 
an antenna mounting portion formed at the second 
side of the module main body. 

11 . The radio communication card module as set forth 
in Claim 10, wherein the antenna mounting portion 
is a recess capable of housing the antenna unit 
along the thickness direction thereof which has jack 
terminals at the bottom portion, 

and plug connectors which are electrically con- 
nected to a signal terminal pattern and a ground 
terminal pattern formed on the dielectric sub- 
strate and protrude from the dielectric substrate 
are fit into the jack terminals so that the antenna 
unit is removably mounted to the second side 
of the module main body perpendicular thereto. 

12. The radio communication card module as set forth 
in Claim 9, wherein the inversed F type antenna pat- 
tern and the meander type antenna pattern are 
wired so that the directions of the main polarized 
wave of these antenna patterns cross perpendicu- 
lar to each other. 

13. The radio communication card module as set forth 
in Claim 9, wherein the antenna unit uses the in- 
versed F type antenna pattern and the meander 
type antenna pattern in the same frequency band. 



19. The radio communication card module as set forth 
in Claim 9, wherein the meander type antenna pat- 
tern of the antenna unit is formed so that the feeding 
end thereof is located in the vicinity of the ground 
metal portions of the module main body and the 
opened end thereof is separated from the ground 
metal portions of the module main body. 

20. The radio communication card module as set forth 
in Claim 9, wherein the dielectric substrate of the 
antenna unit is an epoxy resin substrate of flame 
retardant grade 4, a ceramic substrate, or a poly- 
tetrafluoroethylene-ceramic combined substrate. 
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